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Abstract

At the end of 2019, a novel coronavirus (COVID-19) was identified as the cause of a cluster of pneumonia cases, with
high needs of mechanical ventilation in critically ill patients. It is still unclear whether different types of COVID-19
pneumonia require different ventilator strategies. With electrical impedance tomography (EIT) we evaluated, in real
time and bedside, the distribution of ventilation in the different pulmonary regions before, during, and after pronation in
COVID-19 respiratory failure. We present a brief literature review of EIT in non-COVID-19 patients and a report of 2
COVID- 19 patients: one that did not respond well and another one that improved during and after pronation. EIT might
be a useful tool to decide whether prone positioning should or should not be used in COVID-19 pneumonia.
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Background

At the end of 2019, a novel coronavirus (COVID-19) was
identified as the cause of a cluster of pneumonia cases in the
Chinese city of Wuhan,! rapidly spreading worldwide result-
ing in a global pandemic.? The virus was designated severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2).?
Pneumonia appears to be the most frequent serious mani-
festation of this infection, characterized by fever, cough, dys-
pnea, and bilateral infiltrates on chest imaging. Other features
including upper respiratory tract symptoms, myalgia, diar-
rhea, and smell or taste disorders are also common. There are
no specific clinical characteristics that can reliably distin-
guish COVID-19 from other viral respiratory infections.*>
Acute respiratory distress syndrome (ARDS) with pro-
found acute hypoxemia can manifest shortly after the onset
of dyspnea. The need for mechanical ventilation in those
who are critically ill is high, ranging from 30% to 100%.%7
Even though COVID-19 pneumonia meets the ARDS
Berlin definition, it can be considered a specific disease
with peculiar characteristics.® Whether different types of
COVID-19 pneumonitis require different ventilator strate-
gies is still unclear.’
Thoracic computed tomography (CT) scan is the gold
standard for lung imaging for diagnosis and follow-up,

but it is expensive, carries radiation hazard, and requires
transportation of critically ill infectious patients with all
the associated risks. A second aspect to take into account is
the epidemic peak of COVID-19. The medical chief of the
Emergency Department of Bergamo (Italy) reported see-
ing up to 60 to 80 suspected COVID-19 patients in a few
hours. That said, the execution of 30 CT scans per hour is
unimmaginable.'

Lung ultrasound is a bedside diagnostic tool for the evalu-
ation of pulmonary and pleural pathology, but the specificity
and sensitivity in COVID-19 patients has yet to be deter-
mined as well as a standardized protocol for its use.!!"!3

In our clinical practice, we also use electrical imped-
ance tomography (EIT; Pulmovista 500, Driger) to evalu-
ate, in real time and bedside, the distribution of ventilation
in the different pulmonary regions in 2 patients with
COVID-19 pneumonia.
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Figure |. Electric impedance tomography of our 2 patients after a pronation cycle. The upper images represent T and the lower
T,. In the first case, region of interest (ROI) ratio was close to | at T, (homogeneity 25%) and decreased at T, (overdistension of
the dorsal regions and de-recruitment of the ventral ones). In the second patient, the ventilation distribution seemed homogeneous

between T, (ROl ratio = 1.2) and at T, (ROl ratio = 0.8).

Case Presentation
Case |

A 68-year-old man with hypertension, diabetes, mild obe-
sity, depression, and hypothyroidism was admitted to our
University-Hospital with increasing dyspnea, with a 6-day
history of fever and cough. A nasopharyngeal swab
resulted positive for SARS-CoV-2 infection, and arterial
gas analysis showed the following: pH of 7.27, PaO, (arte-
rial partial pressure of oxygen) 72 mm Hg, PaCO, (arterial
partial pressure of carbon dioxide) 70 mm Hg, and a PaO,/
FiO, (fraction of inspired oxygen; P/F) ratio of 200 mm
Hg with a FiO, 0.35. The chest X-ray had a typical
COVID-19-related pattern and the thorax CT scan revealed
multiple infiltrations in both lungs.

After 5 days of continuous positive airway pressure and
medical therapy in the infectious disease ward, he devel-
oped severe respiratory failure and was admitted to the
intensive care unit (ICU) for intubation and mechanical ven-
tilation. After sedation and muscle relaxation, protective
mechanical ventilation was started with tidal volume of 6

mL/ideal body weight, respiratory rate of 21 breaths/
minute, best positive end-expiratory pressure (PEEP) of 10
cm H,0, a driving pressure of 8 cm H,O with a FiO, 0f 0.65,
and a pulmonary compliance of 60 mL/cm H,O.

Pulmovista 500 was applied before pronation. Region
of interest (ROI) 1 and ROI 2 describe the right and the left
ventral pulmonary regions, respectively, and ROI 3 and
ROI 4 are the right and the left dorsal pulmonary regions,
respectively. The total value of 4 ROI defining the best
ventilation distribution and homogeneity is 100%, with
each ROI accounting for 25%. ROI ratio is the ratio
between the mean values of ventral (ROIs 1 and 2) and
dorsal areas (ROIs 3 and 4) and represents a reliable mea-
sure of the ventilation distribution. These measures were
recorded before pronation (T,), 1 hour (T,), and 16 hours
(T,) after pronation, and 1 hour after supination (T}).

ROl ratio was close to 1 at T, showing homogeneity of
ventilation distribution, whereas at T, and T, (Figure 1) the
ratio decreased because of overdistension of the dorsal
regions associated with de-recruitment of the ventral ones,
associated with a worsening compliance (53 mL/cm H,0).
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At T, the different regions showed values close to the
homogeneity (25%). During the pronation cycle, a reduc-
tion in ROIs 1 and 2 values occurred, followed by an
increase in ROIs 3 and 4. Oxygenation, compliance, and
P/F ratio did not improve (Figure 2). After 11 days of
mechanical ventilation, the patient was extubated, but he
was intubated again the day after for acute dyspnea. He
underwent tracheostomy because of the need for prolonged
mechanical ventilation. Two days after tracheostomy, he
was weaned from the ventilator and transferred to the sub-
intensive care unit.

Case 2

A 65-year-old man, who developed fever and cough at
home, presented to the emergency department 5 days later
because of respiratory distress, with a first P/F ratio of 221
mm Hg and a positive nasopharyngeal swab for SARS-
CoV-2 infection. The patient’s medical history was charac-
terized by chronic obstructive pulmonary disease with
emphysema and an acquired hemophilia.

After 4 days of treatment in the infectious disease ward
with noninvasive ventilation and other support therapies,
he developed severe respiratory failure with a P/F ratio of
60 mm Hg. A thorax CT scan showed bilateral ground
glass pattern associated with emphysema bubbles.

He was admitted to the ICU and started protective vol-
ume-controlled mechanical ventilation with tidal volume
6 mL/ideal body weight, best PEEP of 6 cm H,O, driving
pressure of 13 cm H,O, a respiratory rate of 16 breaths/
minute, a pulmonary compliance of 34 mL/cm H,O with
a FiO, 0.75.

In supine position (T,), the ventilation distribution regis-
tered using Pulmovista 500 was almost homogeneous (ROI
ratio = 1.2), worsening at T, (ROI ratio = 2.1), with an
overdistension of the ventral regions and a reduction in the
dorsal ones. At T,, the ROl ratio improved (ROl ratio = 1.7)
and at T, (ROI ratio = 0.8; Figure 1) was similar to T,
Oxygenation, P/F ratio, and pulmonary compliance aug-
mented after pronation (Figure 2). After 14 days of mechan-
ical ventilation, the patient developed a large pneumothorax
that was drained. However, the overall clinical condition
worsened, and the patient died.

Brief Literature Review About EIT

EIT is a noninvasive, radiation-free clinical imaging tool
to monitor in real time and at bedside the distribution of
pulmonary ventilation. It is a rather new technology that
has been investigated in the medical field for more than 30
years, finding recently an interesting application in the
study of the lung and its characteristics. There is still no
consensus over the use of the EIT comparing it with other
diagnostic and monitoring tools in the ICU setting, but

different studies analyzed its possible advantages in
ARDS, but not yet proven in COVID-19 ARDS.'*

EIT’s temporal resolution is higher than CT or magnetic
resonance imaging, since the sensor registers 25 to 50
cycles per second, corresponding to 25 to 50 images, allow-
ing the evaluation of the lung under dynamic conditions.
Nevertheless, CT has a much higher spatial resolution.'

With its high temporal resolution, EIT obtains regional
measures of the lung tissue characterizing its heteroge-
neous behavior under dynamic conditions that could be
used to guide mechanical ventilation.'> Experimental stud-
ies showed that EIT can be used to titrate PEEP and to
evaluate the regional changes in lung parenchyma during
and after recruitment maneuvers.'®!'® Another experimen-
tal study underlined that tidal recruitment and end-expira-
tory overinflation can be assessed with EIT."

In severe non-COVID-19 ARDS patients, it is used to
optimize mechanical ventilation settings,?’ providing use-
ful information when titrating personalized PEEP.?!
Moreover, it might be helpful in evaluating the possibility
of lung recruitment maneuvers, estimating recruitable
alveolar collapse.?? EIT has been used to determine pos-
ture-dependent changes in ventilation in a clinical setting
and to monitor the ventilation distribution after a change in
position.”? Experimental studies showed that the EIT
might be useful in detecting early signs of pneumothorax
or alveolar de-recruitment, increasing patient safety during
mechanical ventilation.??

On the other hand, there are some technical limitations.
EIT obtains impedance images of an axial section of the
thorax (5-10 cm), not analyzing the entire lung paren-
chyma with a low spatial resolution.!” EIT detects changes
of the tissue but without absolute values, and preexisting
conditions such as pleural effusion or consolidation cannot
be identified. EIT cannot be used in patients with an
implanted pacemaker or that present skin lesion in the
areas where the EIT electrodes should be applied.

EIT may become a standard monitoring therapy in the
near future for mechanical ventilation to optimally balance
between ideal PEEP, avoid hyperinflation, and achieve
optimal V/Q ratio. EIT data analysis may need large
sequences of images and the role of artificial intelligence
might be of crucial importance analyzing “big data.” In the
future, it will have a great potential role for personalized
and precision medicine. '3

Case Discussion

In a recent editorial, 2 phenotypes of COVID-19 intersti-
tial pneumonia have been described: type 1 and type 2.°
Type 1 patients present severe hypoxemia associated
with compliance >50 mL/cm H,O. Hypoxemia is mainly
caused by an increase in ventilation/perfusion mismatch.
High PEEP and/or prone position does not improve
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Figure 2. Comparison between ROI, ROI ratio, PaO,/FiO, ratio, and compliance of our 2 patients. In the first patient ventilation
distribution, oxygenation, P/F ratio, and compliance did not improve. The second patient presented a slight increase in ventilation of
the dorsal areas comparing T, with T, as well as an increase in compliance and P/F ratio. Abbreviations: ROI, region of interest; T,
before pronation; T,, | hour after pronation; T,, 16 hours after pronation; T3, | hour after supination.



Tomasino et al

291

oxygenation because there are no areas to recruit, but
might redistribute pulmonary perfusion, decreasing venti-
lation/perfusion mismatch.’

Type 2 patients have severe hypoxemia associated with
compliance <40 mL/cm H,O. The natural evolution of the
disease might cause lower compliance but the severity of
the damage might partially result from the initial ventilator
management with noninvasive ventilation.

These patients present high respiratory drive, negative
intrathoracic pressure, and inspiratory efforts that may
cause a self-induced lung injury, especially in dorsal
regions. In these patients, higher PEEP and prone position-
ing might be useful.’

In our first case, we saw with EIT a reduction in ventral
ROI values, followed by an increase in dorsal ROI values
during prone position. In this case, prone position might
have not been indicated in this “high-compliance” pattern
patient, since ventilation distribution, oxygenation, P/F
ratio, and compliance did not improve.?

The second case had conflicting EIT findings with
regard to what we usually see in non-COVID-19 ARDS
patients during the first pronation hours. However, com-
paring T, with T, we find a slight increase in dorsal areas
ventilation, as expected according to Gattinoni’s type 2
patient description.

Conclusion

EIT is a safe, easy, cost-effective, and not operator-depen-
dent bedside method to evaluate the ventilation distribu-
tion and pulmonary homogeneity. EIT potentially could be
a useful tool to decide whether to use high PEEP or prone
position: patients who have V/Q mismatch might be more
responsive to position changes. EIT could be useful in
identifying different COVID-19 pneumonia patterns and
guiding ventilation strategies.

These characteristics might differentiate COVID-19
pneumonia patterns and could be a useful tool to decide
whether prone position or high PEEP should or should not
be used in COVID-19 pneumonia patients.
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